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SECTION 1
- 

INTRODUCT ION

In June of 1975, Texas Instruments Incorporated was awarded

Contract F0470I-75-C—0181 to design and develop an alternate Man pack/

Veh icular User Equi pment (MVUE) set for use in the Concept Validation
phase of the NAVSTAR Global Positioning System program. The contract

and specification requi red a militarized system with maximum commonality

and legacy to other classes of user equipment. Extensive perfo rmance
test ing, both in— plant and in the fi el d , was al so req ui red.

This report is produc ed and subm i tted as Vo l umes I , II, and
III of “The MVtJE Final Repo rt s ” in accordance w i t h  Contract  Data Requi re-

ments List (C DRL), Sequence Number AOO3. Volumes IV , V , and VI of the
“The MVUE Fi nal Reports ” are defi ned as follows :

Vol ume IV MVUE Legacy Report , SOW Para. 4.1.5

Vo l ume V MVU E In-Plant Test Repo rt , COR L Item No. A017

Vo lume VI MVUE Fi eld Test Re port , CORL Item No. AO1 9
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SECTION I I
SET DESCRIPTI ON

This section is bound in Vo l umes II and III of this MVUE Final

Report.
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SECTION III
- 

DESIGN TO COST --

In order to optimi ze the GPS equi pment with respect to cost , a
Design-to—Cost (DTC) program was estab lished in Phase I to provid e a
proper balance among cost , performance , and schedule. The major objec-
tives were:

1. TI had the responsibility for devel oping and executing a plan of
action to del i ver equipment at or below price goals while con-
tinuousl y ~~rki ng to optimize development costs , prod uction costs ,
life— cycle costs , equipment weight , reliability , performance , and S

maintainability . Phase I GPS equi pment was designed and impl e-
mented with aggressive DTC plans directed towards future program
savi ngs.

2. The GPS program DTC process made use of the existing program organi-
zation by assigning DTC responsibilit y consistent with organi-
zational constraints for the GPS system design and devel opment.
The TI DTC plan involved all l evels of program management ,
design engineers , manufactur i ng engineers , i ntegrated log i stics
support engineers , planning and contro l personnel , producibility
personnel , production engineers plus various othe r TI suppo rt
personnel . As an example of support personnel i nvolvement , TI
purchasing personnel encouraged our vendors to develop and
maintain DTC programs.

TI was committed to an active and productive DTC effort through-

out the GPS Phase I programs life— cycle and continued to develop cost
saving s within the constraints of fut ure GPS business.

3-1 Equipment Group
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A. GPS DTC CYCLE

The DTC plan for GPS Phase I was submitted previously and contained 
S

the detailed DTC cycle flow which explained the various procedures TI
used to incorporate DTC philosophy .

The drawi ng s resulting from the hard ware and system design were
used to prepare cost estimates to establish the l abor and material
required to produc e the equi pment. Both project personnel and other
groups contributed to the cost estimates wh i ch started with the lowest
level part and built up through the top assemblies. The manu fact ur i ng
engineers , purchasing personnel , producibility engineers , shop superv i— 

S

sors, assembly methods personnel and quality assurance engineers made

i ndependent assessments for the cost estimates based on their previous
experience with the same or similar type equi pment.

A DTC program took the current phase labor and material cost
estimates using various l earning curves projected the cost in pro-
duction quantities. The program provided direct l abor and material
costs and al so added overhead , rewo rk and other costs such as general
and administrative costs and profit to determine the production unit
price estimates.

The production cost estimates derived using the DTC program were
compared to direct cost target budgets. If the estimated production
costs were equal or less than the cost target budgets , furthe r DTC
actions were solicited in order to make further cost red uctions. If
the estimated production costs exceeded the cost target budgets , one
or more of the followi ng actions were taken .
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1. DTC a~ction item s were identified revisions in system hard-

ware design , test equi pment , assembly methods , fabrication ,
test techni que s, etc ., wh ich when incorporated , woul d reduce
the production cost without allowi ng the system performance or

schedule to fal l bel ow min imum acceptable levels. Identifi ca-

tion and incorp oration of DTC action items were a continuous

process throughout the life of the GPS Phase I program . Ma ny
rev isions identified were very aggressive and were appl i ed to j
fut ure app lications.

2. DTC reports were designed to keep TI design engineers , TI GPS
Phase I program management , and SAMSO advised of the current
DTC program cost status. The DIG processes were repeated or
u pdated as required or as major impacts were di scovered . This

dynamic concept made it imperative that program personnel
remained committed to an active and product i ve DTC effort
throughout the GPS Phase I program life cycle.

B. GPS PHASE I DTC RESULTS

Specific DTC results from GPS Phase I DTC stud i es are numerous.

Listed below are some of the major ones.

1. Increased Capacity of Memory Modules

First Design Second Design Future Design
10 multi -laye r 4 multi -laye r 5 multi — laye r

S - boards boards boards
910 components 364 components 300 components

3,3 Equipment Group
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2. Freq uency Synthesize r Changes

- First Design Future Design
2 mul ti-layer boards I multi -layer boards

3 microwave ampl i fiers 1 microwave ampl i fier

Analog switch Digital oscillator

These ex amples i l lustrate the effective resul t of pos i t i ve real
cost sav ings  demonstrated by the DTC effort on GPS Phase I program.
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SECTION IV
PRODUCIBILITY

Producibi lity engineers pa rticipa ted as integral members of the
design production engineering team throughout the Phase I program. It
was their responsibility to be intimately awa re of the design and the
plans of the engineers during the design effort and infl uence the design
to the maximum extent possible to ensure that the product was built
within the manufact uring operations of the Equi pment Group so as to
minimize total life-cycle costs. They wer e in the approval cycle of
all drawi ngs to verify their infl uence and to further ensure that a
produc ible product was designed .

Producibility design guides were made available for particular
areas of specialty to assist the design engineers in standardizing the 

S

design. The design guides had separate sections for fabrication , assembly ,

microwave integrated circuits , and printed circuit boards. Each listed

the cri teria , particularly sui ted for their shops , that would assist the
shops in produc i ng the product .

At an equa l level of impo rtance , performance was the criteria
necessary to ensure the proper quality , reliability , and maintainability
of the product during the Phase I design. These criteria were taken S

into consi deration to ensure minimum Cost .

Producibility engineers participa ted in other design consider -
ations such as st rength of material used , weight requirement s, stress
analysis , microel ectronics circuitry and packaging , shop capabil i t ies
and capacity.

Specific exampl es of producibility studies in Phase I are :
A “ Common Modul e ” approach was developed early in the Phase I program .

I
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A trad eoff study was initiated to consider the effects of functional
partitioning restraints , system cos ts , system packaging l imitations ,
and user class env irorinents on modul e size. Although the number of
possibilities was infinite , several detailed parameters were listed as
major considerations and addressed .

Two common modul e versions were used. One is housed in a shiel ded
can while the other is an open card used for circuitry not requiring
shiel di ng or RF connections . All conform to MIL—STD-1389 dual spa n
modules in widt h and center-to—center spacing and utilize standard
extraction tools for removal purposes. Plans for modul e evolution
included further red uctions as further com ponent integration occurred.

Secondly, a producibility study to determine the most cost-
effect ive shiel ded can approach was perfo rmed on soldered on covers ,
three pi ece die castings , extrusions , and machined hog-out being the
candidates. To meet Phase I cost and schedule goals the machined hog-
out proved to be the best choice.

These examples are onl y a smal l po rtion of the producibility
effort during the Phase I concept and validation phase in whi ch Produc i-
bility Engineering was a vital part of the design team. The produc i-
bi lity objectives were achieved and GPS Phase I equipment is producible
for the quantities and rates requi red in the Phase I contract.

4-2 Equipment Group
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SECTION V
RELIAB ILIT Y

This section documents the rel i ability i nformation obtained
while field testing MVUE 01 at Yurna Proving Grounds , Yurna , Arizona.
Failure data from this testing is rev iewed and di scussed .

The reliability support effort for the Manpack /Vehicular User
Equi pment (MVUE) has been active since the early stages of proposal
for contract . Reliability Engineering was responsible for the generation
of a pa rts selection list and rel iability design guide , i n c l u d i n g  recom-
mended component stress levels. After the design was compl ete , a data
col lection system was established to ensure good rel iability growt h
dur ing test ing.

A. DESIGN EFFORT

1. Design Guide

During the design of the Manpack/Vehicular User Equi pment ,
reliability was active in establishing s pecific guidelines , which
were followed by the designing effort. One of the requi rements of
reliability was to write and del iver to the design engineers a Reliabi-
lity Design Guide. The design guide consists of the followi ng sections.

a. Derating Rules

Com ponents rel iability can be achieved only when the part
does not receive stresses beyond those for which it was designed . In
most case s , the lower the stresse s pl aced on a component the more rel iable
it becomes.

5-1 Equi~ment Group
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The followi ng derating rul es define the maximum electrical
S stresses wh ich the design engineer followed . These derating rules are

part of Texas Instruments Standard Procedure 18-2. A copy of the derating
rules is attached in Table 1.

b. Component Sel ection

The design guide al so deal s wi th the particular comp onents and
some of their characteri stics :

• Resisto rs

• Capacitors

• Di screte Semiconducto rs

• Integrated Circuits

• Rel ays

S 

• Switches

• Connectors

• Transformers and Inductors

In addition , each device catagory was broken down by specific
component type , its applications discussed , and recommendations mad e for
system use .
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Table 1. Rel iability Derating Rules

~Parameter toPart Type Derate Derate to Other Considerations
Diode - VR 50%

- 10 50%
Tj l/ 120 ° C Max

5 Diode , Zener P1 50%
T j 1/ 120° C Max

Transist o r BV CEO <2OV 80%

2O-50V 70%
5O-120V 60%S 

> 120V 80% Doserve safe operating
Ij 1/ 120° C Max l imits (SOA)

IC, Digital Tpd (54 TTL) Add 40% Add 0.15 nanosecond per pF
addi t iona l load

S Tpd (Schotky TTL) Add 20% Add 0.15 nanosecond per pF
additional load.

IC , L inea r  Tj  120° C Max

Resisto r, Power 50% Do not exceed maximum hot-Fixed spot temperature , MIL-STD-
199B

Resistor ,
S Fixed , Powe r 50% 50% of 70 ° C rating 5Metal Film

(RNC ) 80% of 125° C ratingResistor ,
Variable Power 50%

Capacito r DCWV 50% DC bias voltage + AC peak
not to exceed

AC 50% DCWV for all AC ratings
1/ It is not intended that the 120°C junction

rule result in illogic al design decisions on
po we r semiconductors. Consul t rel i ability
engineering for tradeoff analysis and appro-
val requi rements for temperature exceedi ng
120°C.

1
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2. Prefetred Parts Li st

In conj unction with the design guide , a preferred part s list was
S distributed to all engineers. The preferred part s list de scribes those

part s whose use will best assure achievement of the contractua l rel i abi-
lity obligations.

3. Pa rt s and Drawi ng Review

Dur ing the design activity the responsibile project rel iability
engineer was included in the drawi ng review cycle. As the drawi ngs
were rev i ewed by the rel i abilit y eng i neer they were checked for proper
documentation , use of established reliability components , contractual
obligation and cal culated component stress levels.

4. Stress Analysis

A wo rst case and normal operation stress analysis was performed

on each printed wiring board , based on the circuit diagr ams. From the 
S

stress data obtained , an analysis was performed in an effort to isolate
components which were appl i ed wro ng or overstressed . If a problem was
found , the rel i ability engineer recommended design changes and worked
with the design engineer on the problem.

5. Rel i ability Prediction

Rel i ability Engineering conducted rel i abilit y predictions based
on the MVUE design. These reliabilit y predictions were initiated early
in the design effort and were revised periodical ly to refl ect changes
in the design . This analysis was made by a failure rate build -up, in

w~iich a failure rate is assigned to each rel evant pi ece part. The
failure rates were obtained from MIL-HDBK-217B. TI and vendor historical
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failure data , engineering judgm ent and other sources were used
for devices not covered in MIL-HDBK-217B. The part rates are

- s ummed to provide PWB level predictions ; these rates , in turn ,
are summed to provide LRU and set level predictions. These
cal cul ations were performed by means of a TI devel oped computer
program. “PLST ,” which automatically calculates failure
rates and sums them , based on a computerized bill of material s ,
MIL— HDBK—2 17B , and enviro mmental inputs. The above analysis
resul t ed in a predicted failure rate expressed in units of
“failure per million hours. ” This , in turn is inverted to
yiel d a predicted MTBF in “hours. ” The final rel iability
prediction , which was calculated by PLST prior to system evalu-
ation at Yuma was 1,655 hours.

B. TESTING SUPPORT

1. Board Level Testi ng

When a printed wiring board has compl eted assembly, the board

is sent to Unit Test where a thorough examination of its electrical
operation is performed . Shoul d for any reaso n a board be found defective ,
the board is evaluated and the cause of the probl em i solated. All
defective components are removed and pl aced in an assembly and test
reject part envelope (“ Mold Bag ’). All the necessary info rmation for
traceability of the defective part is written on the Mold Bag . The
Hold Bag and component are then del ivered to the reliability engineer.
Record s are kept along with the components to isolate failure trends.

2. System Testing

During testing of the Manpack/Vehicular User Equi pment , a data

collection system was used to locate and correct probl em areas.
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I
The system used on the GPS programs is titl ed the Rel i ability Failure
Reporting (RFR) system. Al so , the Hold Bag is used to capt ure the bad
components for record keeping and storage. This RFR system consists of
a multicopy form, which keeps a complete history of a system failure
down to the individual component failure analysis. The rel i ability
engineer keeps an up-to-date record of all system failures with thi s
form. Each form is prenumbered for easy record keep ing and control .
The number of the RFR is entered in the system pa perwork at the time of
a test failure. The RFR system has been used throughout the GPS programs
both in-house and at the Vuma test grounds. A copy of an RFR form is
attached as Figure 1.

C. FAI LURE ANALYSIS

Table 2 lists all of the MVUE fiel d failures in chronological
order. This data was recorded on RFRs as described in Part 3. The
symptom , anal ysis results, and any corrective action associated with
each RER are delineated .

D. SUMMARY

A total of nine RFRs were presented in Table 2 above. These are
discussed below in various categories.

There were three RERs (Items 1, 2, and 8) that refer to occurrences
at which failures were indicated , but upon subsequent i nvestigation no
failure was found. These events are considered one-time operator errors ,
as they have not reoccurred. For thi s reason no corrective actions are
warranted at this time. These events were not considered rel evant
failures and were not included in MTBF calculations.
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Item 3 wa~ rel ated to a procedural problem , referring to a general
probl em with blowing programmable read-only memori es (PROMs). The
equipment used for blowi ng the PR OMs was set at an improper voltage.
This has since been corrected . As this probl em is procedural in nat ure ,
it was not considered rel evant.

Two of the RFRs cover occurrences in which rel evancy could not be
determined : Item 6 states Output Module 203 was replaced , but its
disposition was unknown . It em 7 indicates a possibility of test equi pment
causing a failure ..

The remaining three RFRs (Items 4, 5, and 9) cover occurrences con-

sidered rel evant , since they i nvolved actual part failures. None of
these failures have reoccurred and no trend wa ’~ present. Correc tive
action , then , is l imited to tracking fut ure failures to assure no long -
term trend s ex i st and to assure the overal l system rel i ability is within
reasonable l imits and is achieving reliability growt h with operating time .

E. CONCLUSION

For an estimated 350 hours of fi el d operation , the MVU E i ncurred a
total of three relevant failures. The l imited nature of the data pre-
cludes a conclusion concerning the mature system MTBF.
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SECT I O~ VI
MPdNTA INA L ILIT Y

This Section describes the maintainabi l i ty anal ysis performed during
Phase I to determine the probability of meeting the 15 minute Mean-T i~ e-
to-Repair (MTTR) and to fault isolate without the use of external test
equ i pment.

In addition to Phase I requirements, the ult imate MVUE mus t possess
an MTTR of 10 mi nutes at the organizational level , 20 minutes at the
direct support level and 45 minutes at the general support level.

A. MAINTAINABILITY DESIGN CONSIDERATIONS

1. Preven tive Maintenance

There are no preventive maintenance requirement s for the MVUE.

MI modules/printed circuit cards are repl aceable without adjustment or

cal ibra t ion.

2. Interchangeability

In consonance wi th DTC/LCC goals , commonal ity in module design

was a primary consideration for the MVUE. In addition to commonality 
S

within the MVUE , all rio dules , with the exception of three , are comrilon to

the Hi gh Dynamic User Equipment (HDUE). The exceptions are the EIOM ,

power supply and MIS Interface cards.

3. Access

All subassembl ies are easily and quickly accessed by removal of

I 

the top and bottom cover assemblies. With exception of the batteries ,

all SRUs can be qu ickly removed and replaced .

I
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4. Bu ilt-In-Test/Perfo rmance Monitoring

An operational test is automatical ly ini t iated at power-up to

determine system read iness for signal acquisit ion. Failure of the system
to achieve operational status is readily visible to operat ing personnel
by a fault indicator on the CDU. Followi ng signal acquisition , system

per fo rmance is continuously monitored , as well  as system powe r l eve l s , to
verify validity of disp l ayed data.

Faul t isolation is accomplished by operato r-activated BIT , via

the CDU keyboard , and is enhanced by the module commonality concept

wherein modules may be quickly interchanged to locate a defective unit.

In addition to the existing BIT and monitoring capabilities ,

ad ditional software routines are being developed to provide operato r!

ma intenance personnel with greater fl exibility in isolating system rnal-

functions. These routines significantly enhanced testability of the MVU E

by providing additional operator—activated CDU commands to probe system

functions and permit operato r monitoring of signal acqui sition and lock-

on.

B. SUGGESTED IMPROVEMENTS

1. Master Oscillator

Osc illato r stabilization time , al though well within specifications ,

is detrimental to the MTTR requirement. A reduction in stabilization

time is a design goal and will facilitate achievement of the ultimate

MTTR of 10 minutes at the organizational ma i ntenance l evel .
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2. Battery Removal / Replacement

The eflmination of cables and the requirement for a screwdriver
to rernoye and replace batteries would improve ma intainabi l i ty  considerat ions.

3.. RF Preamplifier Testing

BIT signals are injected behind the RF preamplifier , leaving
this section untested and thereby increasing fault isol ation time .

C. CONCLUSION

Attainment of the specif ied MTTR for Phase I is questionable at
this time. The pr imary reason being the time required for system checkout
follow ing corrective maintenance (13.6 minutes oscil lator stabilizat ion
time). However , osc illator redesign wil l al l eviate the problem and
ultimate maintainability specificati ons are expected to be achieved. 

S
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SECTION V II
- SUMMARY

This MVUE Final Report has documented the technology , bot h hard-
ware and software , and the philosophy that Texas Instruments impl e- S

rnented in their Ma npack /Vehicular User Equi pment for the GPS concept
validation phase. The overall set as well as its individual modules
has  been exp lained . The Texas Instruments MVUE concepts , t e chn i que s ,
and results of design-to—cost , producibility , rel iabi l i ty, and maintain-
ability have been put forth as well.

This report , in conjunction with the Legacy , In—Plant Test ,
and Fiel d Test Repo rts , demonstrates that Texas Instruments has met and

improved upon the letter and the spirit of Contract F047O1-75-C-0 181 with
their MVU E development and testing .
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